I. STRUCTURE

II. SIMULATED XRD PATTERNS
We used the Refelx module, implemented in Materials Studio, to calculate the simulated X-ray diffraction patterns (XRD) of all the stable structures studied in the paper. In Figure   1 , we only report the XRD patterns of the orthorhombic ground-state structure compared with the reference structure [1] and the monoclinic high-energy structure [1] compared with the hexagonal structure. The peak position in a diffraction pattern depends on the lattice parameters, therefore a shift on the X-ray intensities are expected as a function of them. In the orthorhombic phase, the interplanar spacing d hkl is equal to 
VI. THERMODYNAMIC DATA
Enthalpy of formation of the orthorhombic and high-energy structures were listed in Table   II .
The temperature dependence of the enthalpy of formation is evaluated following the phonon calculations for all the compounds considered in the present work. In particular, the harmonic free energy is:
where E is total electronic energy, ω is the wave number associated to the normal modes of vibration and g is the multiplicity of a mode. The lattice contribution to the heat capacity is:
Accordingly, the temperature contribution to enthalpy is calculated via numerical integration of the specific heat capacity over the temperature, as follows:
Consequently, the enthalpy of formation of LiBH 4 becomes:
Here, c p is the specific heat capacity at constant pressure, in particular at P = 0, at which the structures are optimized.
VII. PHONON CALCULATIONS
The phonon frequencies versus the number of normal modes were reported in Figure 5 for the ground-state and high-energy structures, compared with the reference structures. [2] R. Caputo and A. Züttel, Mol. Phys. (In press).
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